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Abstract

The ternary system Ri (AOT), (nickel 2-his[2-ethylhexyl] sulfosuccinate)/water/isooctane presents w/o and o/w microemulsions with a
Winsor progression2@ — 3@ — 2®), without the addition of salt; the “fish diagram” was obtaineddos 0.5 andy = 0.02-022. Using
static and dynamic light scattering the micellar size, the ratio of water to surfactant, and the density of micelles for this system were estimated
In addition, the mean interfacial curvature as a function of temperature was obtained.
0 2004 Elsevier Inc. All rights reserved.
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Sodium [bis-2-ethylhexyl] sulfosuccinate (Na(AOT))/wa- added salts are reasonably well understood in many of these
ter(w)/oil(0) systems form w/o microemulsions at low sur- systems; however, the reported phase diagrams differ con-
factant concentration and lowrmperature; at high temper-  siderably with respect to the extensions and shapes of the
ature, they form o/w microemulsions. These ternary sys- phases. This is because small amounts of residual impuri-
tems usually do not exhibit a three-phase region where ties have a large effe¢6-8]. In the last decade, there has
microemulsion coexists with water-rich and oil-rich phases been an increasing interest in ternary mixtures f-fBis
at intermediate temperatures. However, the addition of salt 2-ethylhexyl] sulfosuccinates, & (AOT),)/w/o [9—14].
as a fourth componentinduces the formation of a three-phaserecently, our group presented a survey for three metallic
body at intermediate temperaturids2]. The key to under-  systems, M*(AOT)./w/isooctane, where M= Ni, Co, and
standing this behavior emerges from the recognition that the cy, in a wide region of the phase diagram prifts]. At
temperature is the most fundamental field variable control- |ow surfactant concentration, these metallic systems present
ling the phase behavior of microemulsidii$. Around the 3 winsor progressior2(> — 3¢ — 2&) without the addition
so-called hydrophile—lipophile balance temperature in the of salt. Here, we present the results of light scattering (LS)
“fish diagram,” the affinity of the surfactanttoward waterand for g microemulsion when M= Ni. This allows to get rele-

oil is the same. Here, the oil-water interface consisting of & yant information about the micellar size and about the mean
monolayer of surfactant molecules has on the average zerquierfacial curvature for this system.
mean curvaturg3,4]; a bicontinuous structure is formed in The most important quantity that controls all structuring

the three phase-bodyg§ and in the one-phase microemul-  qcesses in a microemulsion is the curvature free energy,
sion, 1®. When the surfactant concentration increases Otherdescribed by the Helfrich equati§bé]. To deal with this is-

phases appedb]. The roles of surfactant tails and of the g0 ‘ot studies have focused on nonionic alkyloligoglyco-

lethers surfactan{4 7] where the mean interfacial curvature,
* Corresponding author. Fax: +52-55-561-61535. (H) = 1/Rm (Rm is the micelle radius) can be tuned by just
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preparations gave the same kind of phase diagram, although
v l there are important variations in the temperature at which the
/ . phase changes did occur; however, the sequence of events
/ is exactly the same. Two factors that could be partially re-
/ sponsible for this behavior are (AOT)Ydecomposition due
/ ) to hydrolysis and the possibility that the phases in the di-
1 ! 1 agram ofFig. 1 could be metastable phases. We discussed
001 / 4 this problem elsewherd5].
’ y ¥ a 2 ] The LS of microemulsions was measured as a function of
. the scattering vectog,, at different temperatures andval-
0.00 e ues @ = 0.5). Light intensity was found to be independent
of the scattering angle. In all cases, dynamic LS measure-
ments showed a linear relation between decay rateg@nd
(correlation~ 0.97-0.99), revealing a diffusive decay. In-
tensity correlation functions were treated with a constrained
regularization method (CONTIN), applying the Siegert re-
lation, to get a continuous distribution of relaxation times
that enables the calculation of ceilar diffusion coefficients
from the peaks of these distributions & 6.4%). At low
concentrationsy < 0.05), micellar interaction and hydro-
) ) . dynamic correlations should be low enough to approximate
gradually and nearly linearly with temperature from positive ¢ gitfusion coefficient to the Stokes—Einstein diffusion co-
(2¢) to negative £2), passing through zero for a bicontin-  eficient, po. From hereRm and(H) can be estimated using
uous microemulsiof3]. Qualitatively, two effects support o stokes—Einstein equation and using the phase volumes,
the observed curving tendency of the surfactant film with gpe physicochemical quantities can be calculated, such as
increasing temperature, hydration of the head groups de-the water pool radiuwp, W = [w]/[S], the number of mi-
creases and oil penetration inteetsurfactant tails increases.  ¢gjlesN ¢, and the micellar volume fractioh : seeTable 1
Both effects therefore explain the inversion from o/w to W/0 | the case of w/o microemulsions, our calculated values for
structures. W are quite close to the estimated valu&ss; using the
Our experimental procedures were the same as in OUrknown relation in Na(AOT) systemWesi~ Rwp (A)/1.7
previous work[15]. We used the mass fraction notation to [9,19]. In the case of o/w microemulsions, LS data are quite
determine concentration in the phase diagram pfist5]. difficult to obtain because the microemulsion phase is close
Light scattering (LS) experiments were performed in a con- to the boiling pointFig. 1shows, as far as we know for the
ventional homemade setyf8], where counts per second first time, the nonlinear variation ofH) vs 7. The high-
and correlation functions were obtained by a multiple-tau temperature point was obtained from a zero-concentration
correlator. The coherence area was optimized when dynamicextrapolation to avoid interaction contribution. Here, in con-
LS was done and static light conditions were optimized un- trast to the nonionic systems, the curvature is negative at low
til pure (0.02 nm) filtered isooctane gave a horizontal line 7 and changes sign close to the hydrophile—lipophile bal-
between 30 and 150. ance temperature to become positive at higl3]. Here,
The inset ofFig. 1 presents a fish diagram obtained for double-charged ion condensation certainly will modify the
the system under study. The hydrophile—lipophile balance electrostatic contribution on bending moduli as temperature
temperature is+324 K. The Winsor progression in this sys- increase$20]. This could explain the nonlinear relation be-
tem does not need salt addition. Different stock surfactant tween(H) andT .
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Fig. 1. Mean curvature vs temperature for o/wp(2and w/o Q&) mi-

croemulsions in the Pai*(AOT)leater/isooctane ternary system ysat

«a = 0.5. The line is a guide to the eye. Inset: “fish diagraf¥s y with
phasef®, 3¢, 2¢, and 1.

Table 1
Table of results of w/o (low") and o/w microemulsions (high)

T (°C) R D x 1011 (m?s71) Rm (R) Rw () w West Nm @
25 0021 294 175 165 106 97 787 x 1015 0.060
30 0021 312 177 167 10B 98 757 x 1015 0.060
25 0038 313 165 154 93 91 217 x 1016 0.072
25 0040 291 177 167 105 98 187 x 106 0.129
30 0040 252 220 209 125 123 946 x 1015 0.124
25 0050 281 184 173 10% 102 590 x 1016 0.382
T (°C) ¥, olw D x 1011 (m?s™1) Rm (R) Rop (A) am (A2?) Nm @

60 0040 136 41 31 109 ©3x 1018 0.16
60 y—0 200 28 18
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Using the phase volumes, we estimated the head area obe evaluated witluaot = 27 R2,/NACT. For our estimates,

the surfactant in the micelleyiaot), ~ 109 A, This value we usedv ~ 308 R [21].
is larger than the value 76%Afrom the Na(AOT)/decane/

(0.6% NaCl) water system at = 0.12 and«a = 0.50 ob-

tained by small-angle neutron scattering in tile fhasd4], References
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